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ABSTRACT: 

Compositions comprise a blend of (1) 70 to 94 weight per cent of isotadic polypropylene, (2) 1 to 
25 weight per cent of an define polymer other than polypropylene or an ethylene/propylene 
copolymer and (3) 5 to 20 weight per cent of a normally solid ethylene/propylene copolymer. The 
define polymer may be a polymer or copolymer of ethylene, butene-1 and/or heptene-1 . The 
compositions may be prepared by mixing or coprecipitat'on from a solvent such as isooctane or 
xylene, and may be moulded to form impact resistant boxes, tanks, luggage, car and refrigerator 
parts and battery boxes. Examples describe compositions of polypropylene, ethylene/propylene 
copolymers and polyethylene or polybutene-1. 
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COMPLETE SPECIFICATION 

Polypropylene Blends having improved Impact Strength 
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We, The Dow Chemical Company, a 
Corporation organised and existing under the 
laws of the State of Delaware, United States 
of America, of Midland, County of Midland, 
State of Michigan, United States of America, 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

This invention relates to polypropylene 
compositions having improved impact strength 
and the method for making them. More 
particularly, this invention relates to a ternary 
mixture of polypropylene with an ethylene/ 
propylene copolymer and another olefin poly- 
mer and its manufacture. 

Polypropylene is a material which is highly 
regarded by the plastics industry for the 
reason that it possesses a number of desir- 
able qualities, such as relatively low density, 
good flexibility and excellent heat resistance, 
and exhibits chemical inertness toward both 
aqueous and non-aqueous liquids. However, 
polypropylene has been found to be unduly 
susceptible to fracture by mechanical shock, 
especially at low temperatures. This deficiency 
has retarded the use of polypropylene in thin 
sectioned articles which may be struck a sharp 
blow at tempmtures below freezing (0°C), 
such as large boxes and tanks, luggage, auto- 
mobile and refri gera t or parts, battery boxes 
and so forth. 

It is known that the incorporation of 
ela s to me r s, such as polyisobrrtylene or amor- 
phous etnylme /propylene copolymers will 
improve the impact strength of polypropylene. 
It is also known that these elastomers win 
improve the impact strength of either poly- 
ethylene or polypropylene blends at low tem- 
peratures, although they do not significantly 
improve the impact strength at room tem- 
perature. Additionally, the relatively large 
amount of fhummrr necessary to effect the 



improvement adversely affects other valuable 45 
properties of the blend such as stiffness and 
tensile strength. 

In accordance with the present invention 
it has been unexpectedly found that blend- 
ing 5 to 20 per cent by weight of an ethylene- 50 
propylene copolymer with 70 to 94 per cent 
by weight of polypropylene along with 1 
to 25 per cent by weight of an olefin poly- 
mer other than polypropylene or an ethylene/ 
propoylene copolymer such as polyethylene, 55 
the resulting blends not only have improved 
impact strengths but have sufficient elastic 
modulus in tension to permit their use in 
hollow or thin sectioned articles, such as 
radio cabinets, containers, battery boxes and 60 
the like- 
Polypropylene suitable for use in the com- 
positions of this invention is a normally 
solid plastic material having molecular 
weights ranging from 5,000 to 500,000 65 
especially 100,000 to 300,000. The usual 
commercially available grades which are sub- 
stantially isotactJc and suitable for molding, 
extrusion, coating, and the like shaping pro- 
cesses can be used. 70 

The ethylene-propylene copolymers that 
may be incorporated in the polypropylene 
blends of the present invention are the nor- 
mally solid, rubbery copolymers. These co- 
polymers are materials known to the an and 75 
can be prepared by (xpolymeriang ethylene 
with propylene by any of several methods, 
such as the methods described in Belgian 
Patents 535,082, 538,782, 553,655, and 
583,039 and U.S. Patents 2,700,663 and 80 
2,726,231. Those copolymers rmninm^ from 
about 30 to about 70 per cent, most prefer- 
ably from 40 to 60 mole per cent propylene 
residues are especially useful in preparing 
the blends of the present invention. 85 

Olefin polymers which may be blended 
with polypropylene and ethylene/propylene 
copolymers to prepare the blends of the pro 
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sent invention include polymers of etbyienic- 
ally T Tnggtiiryyf^ moBomeis such as ethylene, 
butene-l, heptece-1, find copolymers thereof 
which may be of the low, intermediate or 

5 hi gft density varieties or mutters thereof hav- 
ing rfwiwnpg ranging from about 0.90 to 
about 057 gram/cubic centimeter; poly- 
ethylene having a denary ranging from 0540 
to 0560 gram/cubic fpntimrtrr is preferred. 

10 The compounding of the polypropylene 
with the ethylene /propylene copolymers and 
the other nlVfin polymer can be done by 
malaxing, trading milling, or otherwise 
blending the TmnTrinls together in any om> 

15 venient order in the desired pardons as by 
compounding the materials in an intmai 
ttittpt snch as a whring extruder or a Ban- 
bnry-cypc mixer, or on an ntp rptA m^ypy 
such as an open-faced roll null snch as a 

20 robber niffl thereby to farm intimately 
b^^n ded fltirnjift fii^i fm?^ Further, t hffi^ com* 
positions can .be prepared by copredpita- 
rian from a neutral solvent such as iso- 
octane or xylene. 

25 Throughout the specification, parts and per- 
centages are by weight unless otherwise 
specified The example which fallows flrns- 
tzates tfof i nwTihnfi 

Example 

30 Seventy parts of polypropylene, 10 parts 
of an ethylene /propylene copolymer rubber 
and 20 parts polyethylene were dry Mended 
and then twice extruded in a mixing ex- 
truder at about 200°C 

35 The polypropylene was an isomeric poly- 
mer having a density of 050 grams per cubic 
centimeter, a melt index measured at 190°C 
using a 2.16 kilogram weight of 0.79 dec*, 
gram/minute, a tpmflv modulus of 120,000 

40 pounds per square inch/8440 kg/cm* deter- 



mined according to ASTM test designation 
D1708-59T, and a tw«fo yield stress of 
4200 pounds per square inch/295 kg/cm 1 . 

The ethylene/propylene copolymer was 
ENJAY EPR 404, a rubber copolymer com- 45 
prised of 40 to 46 per cent by weight ethylene, 
the remainder being propylene, having a 
specific gravity of 0.86 and a Mocney vis- 
cosity ML (1 + 8 trun.) at 212°F./100°C. 
of 35-45. 50 

The polyethylene was a high density poly- 
ethylene (0564 gram/cubic centimeter) hav- 
ing a melt index of 023. 

The blended material was farmed by com- 
pression molding into test specimen sheep 55 
and notched bars were tested for impact resist- 
ance at ambient temperatures on an Izod 
type cantilever beam apparatus in accord- 
ance with ASTB test designation D256-56. 

The impact resistance at below freezing 60 
temperatures of the blended material was 
rirTrrm inert using test specimen disks formed 
from the blended Tngtpria] by injection mold- 
ing according to the Dart Drop Test ASTM 
test designation D1709-59T (modified). 65 

Tensile yield stress and tensile modulus 
were determined in accordance with ASTM 
test designation D1708-59T. 

For comparative purposes, blends of poly- 
propylene^bylene/ propylene rapolymer-poly- 70 
ethylene having diffa amounts of the poly- 
meric matrriflls inside and outside the ranges 
employed in the present invention and pre- 
pared from polymeric materials similar to 
those used above and blended in the same 75 
manner were also tested for impact resist- 
ance and tensile yield stress and tensile 
modulus. 

The results of the tests were *™™ari7rd 
in the table below. 80 
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propylene copolymer contains 40 to 60 mole 
per cent of a copotymerized ethylene, and 
from 60 to 40 mole per cent of copalynxerizcd 
propylene. 

5 5. A rnrnjWtmmi as riaimed in any one 
of Claims 1 to 4, wherein the isotactic poly- 
propylene has a mnliralar weight of 100,000 
to 300,000. 

6. A composition as claimed in any one 
10 of Claims 1, 4 or 5 wherein the olefin poly- 
mer (2) is a polymer of bntene-1 or heptene-1. 

7. The method of improving the impact 
strength of polypropylene which comprises 
blending with 70 to 94 per cent by weight 

15 polypropylene 1 to 25 per cent by weight 
of an olefin polymer other than pol ypropyl ene 
or an ethylene/propylene copolymer and 5 
to 20 per cent by weight of a normally solid 
ethylene/ propylene copolymer. 

20 8. The method of Claim 7 wherein the 
olefin polymer is polyethylene. 



9. The method of Claim 7 or 8, wherein 
the olefin polymer is a polyethyiene having 
a den ary from 0.94 to 0.96 gram/cubic 
centimeter. 25 

10. The method of any one of Claims 
7 to 9 wherein me ethylene/propylene co- 
polymer wtnrgtfw 40 to 60 mole per r ^ nt of 
copolynzenzed ethylene and from 60 to 40 
mole per cent of copolymerized propylene. 30 

11. The of any one of Claims 7 to 
10, wherein the isotactic polypropylene has 
a mnfrnilRT weight of 100,000 to 300,00a 

12. A polypropylene composition as 
claimed in Oaim 1 substantially as described 35 
in the specific Example. 

BOULT WADE & TENNANT, 
111 fie 112, Hatton Garden, 
London, RCL 
Char tered Patent Agents. 
Agents for the Applicants. 
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